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Abst ract

Statistical guidelines are described for the development of
a pilot scientific observer sampling program to collect turtle
interactions data from the Hawaii longline fishery. The best
available data are presented and potential sources of variability
in longline turtle take rates are discussed. A stratified
sampling design for a pilot survey is developed based on time and
target species. An array of sample size choices for the pilot
progranm is presented covering a range of tolerance levels and
confidence levels for estimation of total turtle take. ’
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| NTRODUCTI ON

This report provides statistical guidelines for the
devel opnent of a scientific observer sanpling programto coll ect

turtle interactions data fromthe Hawaii |ongline fishery. The
devel opnent and inplementation of the sanpling programis a
requi rement of a recent internal Biological i nion rendered

under a Section 7 Consultation conducted by the National Marine
Fi sheries Service (NVFS) in response to concerns regarding the
incidental taking of listed sea turtles by the Hawaii |ongline
fishery. Data fromthe observer programw || allow for the (1)
characterization of turtle-longline interactions, (2) spatio-
tenporal analysis of interactions, (3) identification of
"problent areas and tine periods, (4) calculation of estimtes
of turtle take rates and total take estimates, and (5)
verification of submtted Hawaii |ongline |ogbooks.

The intent of the report is to provide statistical
gui delines for the devel opment of an observer sanpling program
based on the best available information. Al though
recommendat i ons of surver design characteristics are proffered,
deci sions regarding sanple size are deferred to the N\VFS
Sout hwest Region, Pacific Area Ofice (PAO. However, requisite
data to facilitate sanple size decisions are provided. [t should
be noted that this report does not address inplenmentation of the
sanpling program which is also deferred to the PAO

The report specifically identifies and descri bes ﬁl)
background on the problem (2) sources of data available to
devel op the sanpling program (3) a pilot survey design based on
best available data, (4) efficient sanple design characteristics
(sanpling frame, strata to sanple), (g§ pil ot survey sanple size
requirements to obtain a desired precision, and (6) appropriate
sanpl e sel ection procedures.

BACKGROUND

In response to fishery interaction concerns resulting from
the rapid growh of the Hawaii longline fishery in the |ate 1980s
and the increased incidental take of protected species in the
| ongl i ne fishiky, the Western Pacific Regional Fishery Managenent
Counci| (WPRFMC) inplenmented a Federal fishing | ogbook system for
donestic longliners operating in the western Pacific region. The
primary objective of the |ogbook system inplemented in Novenber,
1990, 1s to obtain statistically reliable information on (1)
fishing effort and catch and (2) the take of protected species.
Coi nci dent with the adoption of the |ogbook system was the
i npl erentation of a Federal permt programfor |ongline vessels.
In addition, a voluntary observer sanpling program was
i npl emented in 1990 to docunent interactions between |ongline



vessel s and protected species and to collect ancillary detailed
catch and effort data.

To participate in the Hawaii |ongline fishery, vessels nust
possess a current permt and submt |ogbooks of daily fishing
activity. The Federally mandated |ongline fishing |ogbook system
requires fishers to submt |ogbooks wthin 72 hours after a catch
is off-loaded. Data provided by |ogbooks include gear
configuration, fishing area, tine, and catch for each longline
set wthin a trip. Wen the | ogbook data are edited by NVFS,
each | ogbook tr|B s assigned a target species trip type
classification (broadbill swordfish, tuna or m xed-species
target; see below) based on exam nation of the |ogbook data or
interviews with the vessel captain or deck boss. Wen the _
captain is unavailable or the logbook is mailed in, trip type is
determ ned by analyzing the tinmes of the sets, the nunber of
light sticks used, the area fished, type of gear fished, and
previous information on trip type for that particul ar vessel.

The assigned trip type designation applies to longline sets
within a trip. A thorough description of the |ogbook systemis
found in Dollar and Yoshinoto (1991).

DATA SOURCES AND ESTI MATES OF TAKE RATE VARI ABI LI TY

Data available to devel op the sanple survey design include
1991 and 1992 Hawaii |ongline | ogbook and 1990-92 observer data.

? F{ief description and characterization of each data source
ol | ows.

Logbook Data

In 1991, out of a total of 153 vessels permtted to fish
longline gear, 140 actively fished. In 1992, a total of 123 of
166 Pern1tted vessel s actively fished. The spatial extent of the
longline fishing effort is depicted in Figure 1. The
distribution of fishing trips. by trip type (tafget speci es) and
associ ated nunmber of sets fished in the 1991 and 1992 fishing
seasons are shown in Table 1. During 1991, 20% of the trips were
desi gnated as "swordfish", 33%as "tuna", and 47% as "m xed".
During 1992, 25%of the trips were designated as swordfish, 36%
as tuna, and 39% as mxed. \Wile differences in trip type
di stributions were observed between years, the ranking order was
unchanged. Monthly distributions of effort by trip type are
presented in Figure 2 and reflect known tuna and swordfish
availability patterns. The swordfish season generally runs from
April to June while the tuna season runs from Cctober to March.

~Spatial delineations of fishing effort occur based on target
species availability. Tuna fishing trips are generally proxinal
to the Hawaiian Islands with mxed trips north of the tuna effort
and swordfish effort north of the mxed effort. This pattern of
fishing effort is generally consistent for all nonths. Because



target designations apply to all sets within a triﬁ, the spati al
pattern of effort in terns of sets is simlar to the pattern for
trips. The nonthly spatial distributions of effort in terns of
sets are depicted in Appendix A by I° latitude x |° |ongitude
statistical area.

Al t hough varying targets fromtrip to trip is conmon,
significant nunbers of vessels exclusively target swordfish,
tuna, or some mx of both. For exanple, during the 1991 fishing
season 28% of the longline vessels fished exclusively for tuna,
11% fished exclusively for swordfish, and 24% al ways fished for a
m xed catch. The remaining vessels (37% swi tched between
targets fromtrip to trip wth no obvious pattern. During the
1992 fishing season 30% of the |ongline vessels fished
exclusively for tuna, 19% fished exclusively for swordfish, 31%
al ways fished for a mxed catch, and 20% sw tched between
targets. The identification of exclusive groups of vessels
within the longline fishery is basic to devel oping strata and
sanpling franes.

Estimates of nean turtle take rates and associ ated standard
devi ati ons based on | ogbook data are listed in Table 2. Because
the | ogbook data theoretically represent all fishing activity and
turtle takes occurring during a year (i.e., a census), they
provi de an overall mean take rate estimate wth zero standard
error. However, standard deviations of the |ogbook take rates
are given in Table 2 for purposes of comparison with observer
data (see below). Estinmates of nmean turtle take rates and
associ ated standard deviations by trip type for |ogbook data are
listed in Table 3. H gher nean turtle take rates were associ at ed
wWth trips tafgeting swordfish, followed by trips targeting a
m xed catch and tuna. The percent frequency distribution of
turtle takes per set is listed in Table 4. Wile no turtle
interactions were reported for the mgjority of sets (99%.

(bserver Dat a

A total of 11 trips (109 setsg were nonitored by scientific
observers in the |ongline fisher% etween 1990 and 1992. Because
a full-fledged observer program had not been established at the
time, cooperating vessels were sanpled opportunistically. Al
vessel s nonitored fished exclusively for swordfish. The spati al
di stribution of the observer effort and turtle takes are shown in
Figure 3. A total of 7 turtle interactions were observed on 3 of
the 11 nonitored trips. The percent frequency distribution of
turtle takes per set is listed in Table 4. No turtle
interactions were recorded for the majority of observed sets

(95% .

The average take rate in observed sets and the associ at ed
standard error are shown in Table 2. Assuming that the 109
observed sets were representative of all sets in 1992, the total



turtle take for 1992 also was estimated (Table 2). This estimte
was conputed using a ratio estimator (Cochran 1977):

3.3 xi;

Total take = 2 * N, (1)

pIR:P
J

where x; ; is observed turtle take in set i of tripj; n is the
nunber, of sets fished in tripd; Nis total fleet effort
expressed as nunmber of sets and is derived from | ogbook data.
The standard error of the total take estimate and a confidence
interval for total turtle take were estimated by bootstrap
resanpling (Efron 1982). An enpirical frequency distribution of
total take estimates was generated, then approxinmate upper and

| gwer 90% confidence limts for total take were conputed as the
5" and 95" percentiles of the bootstrap distribution

A conparison of turtle take rate estimtes between data
sources shows that the observer turtle take rate is considerably
hi gher than that reported by fishers in the | ogbooks (Table 2).
Amcordingky, the estimated total take of turtles based on
observer data is also considerably higher than that reported in
t he | ogbooks. These findings are consistent with the recent
Bi ol ogical QOpinion (however, the data used in this paper are nore
conplete and current). Variability associated wth the estinmated
total take of turtles in 1992 is high, reflecting both between-

set variation in the turtle take rate and the small observer
sanpl e si ze.

because | ogbooks report the daily catch of fish, fishing
effort:, and take of protected species by participating vessels
ideally they provide a census of fishing activities. However
the accuracy of data collected by the Iogbook system depends in
part on the amount of under-reporting and non-reporting of
fishing effort, catch and take of protected species. ile no
rigorous verification analysis of the Hawaii |ongline |ogbook
system has been conducted, the |ogbook data are considered to be
suspect in several respects. The reported bycatch of certain
fish species, in particular sharks, 1s l|ikely under-reported.
The reported take of protected species is |ikely downwardly
bi ased due to non-reporting. The non-reporting of turtle takes
by fishers in the |ongline | ogbook systemis believed to be
responsi ble for differences between | ogbook-derived and
provi sional observer-derived turtle take rates (Table 2).
However, as the avail abl e observer data set is small (11 trips)
and limted to vessels fishing exclusively for swordfish, the
data are not considered to be representative of turtle
interactions in the Hawaii longline fishery and too neager to
assess accuracy and bias of the total take estinmate.



Moreover, while the | ogbook data suggest the need for
stratification by trip-type, the devel opnent of an efficient
stratified survey programw |l require additional reliable
baseline turtle Interactions data. To collect such data a pil ot
observer stratified sanpling survey is proposed. Stratification
is one of the nost widely used techniques in sanple survey design
serving the dual purposes of providing sanples that are
representative of all major subgroups of the popul ation and of
i nmproving the precision of estimators (Cochran 1977). Stratified
sanpling exploits a population's heterogeneity, resulting in nore
preci se estimates conpared to sinple random sanpling.

PI LOT SAVPLE SURVEY DESI GN

The objective of the pilot stratified sanple survey is two-
fol d. Data fromthe pilot survey will allow for 1) the
characterization of turtle interactions in the longline fishery
and 2) the estimation of the total turtle take (all species
conbined). Wiile the pilot survey design is not intended to be
optimal for long-termroutine nonitoring it represents our best
approach until additional data becone available. These data wll
allow NVFS to optimze future sanpling and if necessary design
nore conplex nultiobjective sanpling prograns. For exanpl e,
surveys coul d be designed to provide specified statistical
accuracy wth respect to the take of an individual turtle species
(e.g., an endangered species), rather than just the total take of
all “turtle species; nore anbitious surveys would require nore
observer trips and incur higher cost. In addition, future
designs w |l consider alternative ways of conbining |ogbook and
observer data to estimate the total turtle take, and ways to
achi eve the sane statistical objectives at |ower overall cost.

The statistical design for a pilot observer Progranw
descri bed bel ow provi des for unbiased estimtes of the turtle
take. Data fromthe | ogbooks were used to identify appropriate
strata and sanpling frames whil e observer data were used to
estimate sanple size requirenents.

sources of Variability

Devel opnent of an efficient stratified sanple survey relies
in part on the identification of sources of variability affecting
turtle take rates and their incorporation into the sanpling
design. Factors related to the variability of turtle take rates
constitute stratification variables. The precision of estimators
increases as nore of the sources of variability (stratification
vari abl es) are accounted for within the sanpling survey.

However, sources of variability inturtle take rates are poorly
known; hence the need for a pilot survey. As many factors
affecting the catch of target species |likely affect turtle take
rates, initial stratification wll be based on characteristics of
the fishery. Wile the optimal approach would be based on proven



sources of variability, the use of fishery characteristics as
provisional stratification variables does allow for the
characterization of turtle interactions in the longline fishery,
one of the survey objectives.

Because longline vessels actively target specific species
(or groups of species) and each target requires a different catch
strategy, the longline fleet can be viewed as consisting of
target species subgroups. These subgroups operate seasonally
wth effort linked to target species availability. Wile |oca
availability of target species |likely depends on environnental
factors, characteristics of the vessel (e.g., length) and
depl oyed gear ge.g., nunber of |ight sticks) also affect catch.
Many of these factors likely affect turtle take rates as well.
Despite the array of potential factors affecting catch, nost of
t he observed variability in catch rates can be explained by tine
or target species. For example, the spatial distribution of
vessels is linked to target species availability. Generally
speaki ng, tuna vessels consistentlﬁ fish in the vicinity of the
main Hawaiian |slands, vessels with a mxed target fish north of
tuna vessels and swordfish vessels fish north of m xed vessels
(see Appendix A). Therefore, spatial variability in turtle take

rat%% can be accounted for by vessel type (tuna, swordfish, or
m xed) .

Vessel lengths range from approximately 30 to 95 feet in the
longline fishery: the snallest vessels targeting tuna, the
| argest targeting swordfish, and nmediumsized vessels targeting a
m xture of species. A simlar pattern was observed for vesse
hor sepower . Wiile these factors affect fishing power, and
ultimately catch, vessel length is related to vessel trip type.

Differences in gear configuration and fishing strategy
(nunmber of hooks and |ight sticks) are related to target species.
The nunber of hooks per set is highest when a vessel Is targeting
tuna, followed by m xed and swordfish (Table 5). The nunber of
light sticks per set is highest when targeting swordfish,
followed by mxed and tuna (Table 5). Differences in set
duration and total nunber of sets per trip are also related to
target (Table 6). The fact that a unique gear configuration and
fishing strategﬁ are associated with the mxed trip type reflects
the fact that these fishers are actually targeting a m xed catch

Thus, two stratification variables are proposed for the
pilot survey: time (see below), and vessel trip type. In the
survey design, all potential vessel trips are classified into a
unique stratumdefined by tine and trip type. To facilitate
sampling, vessel trips wthin trip type*tinme strata are defined
as the primary sanplln% units (PSU). A list of primary sanpling
units belonging to each stratumrepresents the sanpling franme and
provides the basis for the selection and identification of the
units in the sanple. Longline sets within a given vessel trip
are defined as the secondary sanpling units fromwhich turtle



take data will be collected. Design elenents of the stratified
sanpl e survey are discussed bel ow.

Sanpl e Size Requirenents and Allocation

Sanmpl e size determnation is oriented towards controlling
the variance of an estimator. @Gven prior estimates of
variability, sanple size as a function of acceptable or tolerable
error and confidence |level can be determned. By determning the
sanpl e size for various conbinations of tolerable error and
confidence level trade-offs between sanple size and desired
properties of the estimator can be eval uated.

Wiile it is not the intent of this report to recommend a
sample size for the pilot survey, data to facilitate sanple size
determ nations are given. Sanple size requirenents (in terns of
t he nunber of sets) for estimating total turtle take, as a
function of acceptable or tolerable estimation error and
confidence level, were calculated using observer data. The
observer dataset is the nost reliable source of information
avail able from which estinmates of nmean take rate and vari ance of
take rate can be calculated. To provide a w de range of options,
sanpl e size requirenents were conputed at several |evels of
tolerable error (5%to 70% and confidence level (99%to 60%.

Sanpl e sizes were determ ned under two scenarios. Scenario
one assunmes a normal take rate distribution; scenario two assunes
that the distribution of turtle takes (counts) conforms to the
negative binomial. Calculations based on the negative bi nom al
distribution treat the catch of turtles as a rare, contagious
event .

Assune we have a popul ation (sanpling frame) of N sets.
Denote the turtle take in a single set by X Let u denote the
nean turtle take per set and a” the between-set variance in
turtle take. The coefficient of variation of the catch per set
S CV(¥) = c/p. Qur objective is to estimate the total turtle
take, T, defined as T = N*p. Logbook data should provide the
value of N so we consider it known. The nean and variance of X
are unknown but can be estimated froma random sanple of n sets
drawn from the population. Gven a smle of n observed sets,
denote the noment estimators of andnd o< by x and S,
respectively.

The total turtle take is estimated by T" = N*X with variance
V(T") = N?*g?/n. The latter is estimated by the sample statistic
N?*S?’/n. The coefficient of variation of the total take estimate
is cV(T") = o/ (uvn) = CV(X)/vn. Thus we derive the following
relationship: ‘ -

n= [CV(X) / cV(T") ]2, (2)



whi ch can be used to conpute the sanple size required to estimate
T with a specified target coefficient of variation, given an
estimate of relative variation in the take rate, CV(X). Thi s
result may be sufficient for some purposes but does not address
the likeli1hood that the desired |evel of accuracy in T* wll be
achieved.  Accordingly, we consider the follow ng probability
statenment of our sanpling objective:

Prob(|T* - T| < 6T = 1-«, : (3)

which states that we wish to estimate the total take within 1006%
of its true value with 100(1-a)% confidence. The synbol 6 is the
tolerable error, expressed as a decimal fraction. Wthin the
brackets divide both sides of the inequality by the standard

error of the total take estimate, NOJdn. Upon substitutin%_
appropriate sanple statistics we have the equival ent probability
stat ement :

\/HI)?" P (8v/n) = 11— 4
Prob( S < C'V(X)} 1-a. (4)

The quantity on the left-hand side of this inequality has a
Student's t distribution with n-1 degrees of freedom  Thus, for
a speclified value of a we sinply need to sol ve:

LY

n) 5
a,n-1 CV(X) " ( )

The solution is

n 2 {e, CV(X)/8)2. (6)

Equation (6) was used to conpute sanple size requirenents as
a function of tolerable error and confidence |evel, assumng a
normal take rate distribution. For a given confidence |evel, the
data were plotted showi ng the relationship between n and d
(Figure 4). It is assumed above that no finite popul ation
correction factors are needed.

_ Assumi ng a negative binomal take rate distribution, sanple
Size requirenments are given by (Elliott 1971):



(g% 1 1
H——gz——(}'—‘*T{): (
:re n is sample size; X is the sample mean; k = (X%-(S?/n))/S*-X

1 approximation); S? is the sample variance. Sample size
juirements for a given confidence level are plotted in Figure

From these plots one can see the trade-offs between sanple
size, tolerable error and confidence level. Wthin each
scenario, sanple size requirenments are positively related to
confidence |evel while between scenarios sanple size requirenents
are consistently higher under the negative binomal assunption.

Wil e sanple size requirenments were determned at the set
level, the primary sanpling unit in the ﬁroposed sanpl e survey is,
a vessel trip. For practical purposes the required nunber of
sets to sanple, n, fromeither equation 6 or 7, nust be converted
to number of trips, m The nunber of trips is then allocated
anmong strata. ApProxinately 10 sets conprise a trip (Table 6);
thus a factor of [/10 was used to convert required nunber of sets
to required nunber of trips.

To allocate total sanple size in the pilot observer program
among strata, a two-step proportional allocation schene is
suggested. The first step allocates total sanpling effort based
on the tenporal distribution of fishing effort. The second step
al l ocates available sanpling effort between trip type strata .
based on the tenporal distribution of trip types. he fol |l ow ng
equation can be used to allocate sanpling effort:

m; ;=W ;- m, (8)

where m ; is sanple size (nunber of trips) in time stratumi that
are of trip typej; W,; =a,; * by and is a sanple allocation

wei ghting factor; = n/10 and is total sanple size expressed as
vessel trips where nis fromequation (6) or (7); a; is the
proportion of trips in time stratumi that are of trip type j; b
Is the proportion of the total sets executed in tine stratumi.
Estimates of the weighting factor W, can be calculated from

| ogbook data. Once the total sanple size (n) has been chosen
the allocation of sanpling effort anong strata is a relatively

si npl e exerci se.

The proposed pilot sanpling survey is based on a sinple
proportional allocation scheme, and is not necessarily the nost
efficient design for long-termroutine nonitoring. Proportional
al location distributes sanpling effort based on stratum sizes and
assunes equal costs per observation in all strata as well as
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equal variances in all strata. Wile these assunptions are
likely violated, proportional allocation is generally used when
stratum variances cannot be approxi mated before sanpling. Using
cost per sanple and stratum variances to allocate sanpling effort
(Neyman al l ocation) generally results in nore efficient

all ocation of sanpling effort ﬁCbchran 1977). Data fromthe
pilot sampling programw Il allow us to use Neyman allocation in
future survey designs.

Sampling Strata and Sanpling Frane

The identification of exclusive vessel groups (tuna,
swordfish, and mxed) within the longline fleet sinplifies
devel opnent of trip type*tine strata. | npl enentation of the
pilot sanpling programw |l require know ng, in advance, which
trips froma particular vessel will be targeting swordfish, tuna,
or a mxed catch (i.e., the vessel's trip_type2 during a
SﬁECIfled time period prior to the selection of sanpling units.
This inplies that real-time informati on about the status of all
vessels (i.e., in port, at sea, expected departure dates,
expected arrival dates, etc.) is available.

The classification of fishing vessels in the 1991 and 1992
fishin? seasons by trip type is outlined in Table 7 and was
acconplished using a vessel classification decision rule.

Vessel s which targeted tuna on 80% or nore of their trips
conprise the tuna trip type stratum vessels which targeted
swordfish on 80% or nore of their trips conprise the swordfish
trip t¥pe stratum vessels which targeted a m xed catch on 80% or
nore of their trips conprise the mxed trip type stratum and
vessel s switching between targets (all other vessels) conprise
the switcher trip type stratum  Some fishers included in the
switcher stratumcommt to a target only after |eaving the dock
Treating switchers as a separate stratumw |l sinplify logistics
and shoul d not affect the efficiency of the estinators.

Wil e exclusive vessel groups are identifiable they are
dynamc. As vessels drop out of the Hawaii |ongline fishery or
change strategies the sanpling frane wll have to be adjusted.
Prior to inplenmentation of the pilot sanpling programthe fleet
conmposition will need to be re-evaluated based on the nost recent
| ogbook dat a.

The identification of an efficient tenporal stratification
schene relies in part on the tenporal variation of the variable
of interest, in this case turtle takes, and practical limtations
associated with our choice of PSU (primary sanpling unit), a
vessel trip. In addition, stratum sanple sizes nmust be sufficient
to allow for the calculation of descriptive statistics. The
paucity of reported turtle interactions nmade the identification
of tenporal strata, particularly at the |level of tri? type,

i npossi ble. Therefore, selection of the best tenpora
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stratification was based on finding a practical or workable
schene that still allows sufficient tenporal structure.

Practical limtations of the PSUs which inpact the
identification of tenporal strata include maximumtrip duration
and an inposed mnimum stratum sanpl e size constraint. Maxi mum
trip duration is a constraint determning the mninumsize of the
tenporal stratum  Mnimum stratum sanple size is a statistica
constraint and is set at three vessel trips to ensure the
estimation of stratumtake rate neans and variances.

Kawanoto et al. (1989) reported average tuna trip durations
of apgroxinately 2 weeks. Swordfish trip durations of 23 days
have been observed (Dollar 1991) but nost swordfish trips are
believed to range from4 to 6 weeks (Dol lar pers. commun.).
Wiile these results identify 4 weeks as the mninum size of a
tenporal stratum the sanple size constraint of 3 vessel trips
still needs to be considered.

A nurerical analysis was conducted to determ ne the best
temporal stratification schene. Mnthly stratum sanple size
al l ocations under various assuned total sanple sizes (n from
equation (6)) were conputed using equation (8) and conpared wth
the PSU constraints. ested tenporal stratum sizes included |-
month, 2-nponths and 3-nonths (quarter). Tested total sanple
si zes included 50, 100, 200, 300, 400, and 500 vessel trips,
beliexed to enconpass the range of feasible mfrom which the PAO
can choose.

For total sanple sizes of 100 vessel trips or nore the
results identify quarter as the best tenporal stratification
scheme for all fleet segments of the Hawaii |ongline fishery
(Tables 8 through 13). Wien total sanple size equaled 50 trips
the m ni mum stratum sanpl e size constraint was violated in the
swordfish trip type stratum  Although mninum total sanple size
was not being tested here, the results do provide a nmeasure of
the mninmnumtotal sanple size required (i.e., 100 trips).
Quarterly sanple allocation weighting factors used in the
analysis are given in Table 14.

I'n addition to neeting all PSU constraints, quarterly
sanﬁllng strata for the Hawaii Iong%ine fishery are consistent
with fishing seasons. Quarter 4 (COctober-Decenber) spans the
first half of the tuna season, and Quarter 1 (January-March) the
last half. Quarter 2 (April-June) spans the swordfish season
and Quarter 3 (July-Septenber) a m xed catch season

Real -tinme information concerning the status of Hawaii
| ongline vessels is currently being collected by the Fisheries
Monitoring and Econom cs Program (FMEP) at the Honolulu
Laboratory, NWVFS. Anong the information collected are daily
recordings of which vessels are in port and at which pier each
vessel was seen. Because these data are collected daily they



12

provide a real-time inventory of vessels in port. Active vessels
not observed in port are assuned to be at sea. \Wile information
col l ected by the FMEP can be used to identify possible sanpling
platforms wthin a quarter it provides no information concerning
departure dates. To facilitate the pilot sanpling program
procedures to collect departure date information or estinate
departure dates fromthe port inventory data need to be devel oped
and i npl ement ed.

Sanpl e Sel ection

It is essential that a random sel ection procedure be used
to select vessel trips within a particular trip type*tine
stratum  Vessel trips should be selected fromthe sanpling
frames using a random nunber table. In the event that a selected
vessel trip is not available, another vessel triP shoul d be
sel ected using the random nunmber table (with replacenent).
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Table 1. Annual number of trips by trip the and associ ated
nunber of sets fished (in parentheses) from | ogbook
dat a.
Trip Type
Year Swordfish Tuna Mixed Total
291 550 824 1665
1991 (3126) (4318) (5205) (12649)
288 468 547 1303
1992 (3531) (3868) (4121) (11520)
Table 2. Annual estimates of mean turtle take rate (turtle take
per set), take rate standard deviation, take rate
standard error and total turtle take based on | ogbook
and observer data. The nunbers in parentheses are the
upper and | ower 90% confidence limts.
Mean Take Take Esti-
Reported | Turtle Rate Rate mated
Data Turtle Take Standard | Standard Total
Source Year Take Rate Deviation Error Turtle
Take
1991 73 0.0058 0.0865 -—- 73
Logbook
1992 65 0.0056 0.0837 -——- 65
Observer | 1992 7 0.0642 0.3126 0.0297 739
(89-
1397)




15

Table 3. Annual |ogbook estimates of nean turtle take rate
(turtle take per set) and take rate standard deviation
by trip type designations.

Mean
# Turtles # Sets Turtle Take Rate
Year Trip Type Taken Fished Take Rate | Std. Dev.
- Swordfish 54 3126 0.0173 0.1269
1991 Mixed 14 5205 0.0027 0.0749
Tuna 5 4318 0.0012 0.0342
Swordfish 54 3531 0.0153 0.1380
Tuna 2 3868 0.0005 0.0227
T

Table 4. Nunber of turtles takes per set and associated percent
frequency fromlogbook and observer data. The nunber in
parent heses represents nunber of sets.

LOGBOOK
NUMBER
TURTLES/SET 1991 1992 OBSERVER
0 99.49 99.47 95.41
(12584) | (11462) (104)
1 0.47 0.45 2.75
(59) (52) (3)
2 0.04 0.04 1.84
(5) (5) (2)
3 0 > 0.01 0
(1)
4 > 0.01 0 0
(1)
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Table 5. Reported nunber of hooks and |ight sticks depl oyed by
trip type in the Hawaii longline fishery. The nunbers
represent the 25%and 75% quartiles.

Trip Type
Gear -
Configuration SwordflSh Tuna MiXEd
Number of '
Hooks 650-800 1000-1560 900-1020
Number of
Light Sticks 400-850 0 120-360

Table 6. Reported set duration (hours) and nunber of sets per
trip by trip type in the Hawaii |longline fishery. The
nunpers represent the 25% and 75% quartil es.

Trip Type
Fishing i
Strategy Swordfish Tuna Mixed
Set Duration 12-14 8-10 11-12
Number of Sets 9-12 7-9 S-7

Table 7. Stratification of longline vessels by fishing strategy
(number of vessels).

Exclusive Targets

Year Swordfish Tuna Mixed Switchers Total

1991 17 37 37 49 140

19392 23 38 38 24 123
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Table 8. Quarterly sanple size (tri ps? all ocations by fleet based
on a total sanple size (m) of 50. Quarterly sanple
sizes are the sumof fleet specific allocations and
those in the switcher stratumthat would likely be
associated with each fleet.

Fleet Allocated Sampling Effort (m)
Quarter Swordfish Tuna Mixed Total
1 3 7 6 16
2 3 6 4 13
3 2 4 3 9
4 1 6 5 12
Total 9 23 18 50

Table 9. Quarterly sanple size (trips) allocations by fleet
based on a total sanple size (m of 100. arterly
sanpl e sizes are the sumof fleet specific allocations
and those in the switcher stratumthat would likely be
associated with each fleet.

Fleet Allocated Sampling Effort (m)
Quarter Swordfish Tuna Mixed Total
1 7 11 14 32
2 7 8 14 29
3 4 5 9 18
4 3 10 8 21
Total 21 34 45 100
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Table 10. Quarterly sanple size (trips) allocations by fleet
based on a total sanple size (m) of 200. Quarterly
sanple sizes are the sumof fleet specific allocations
and those in the switcher stratumthat would |ikely be
associated with each fleet.

Fleet Allocated Sampling Effort (m)
Quarter Swordfish Tuna Mixed Total
1 14 23 27 64
2 14 15 28 57
3 6 9 17 32
4 5 23 19 47
Total 39 70 91 200

Table 11. Quarterly sanple size (trips) allocations by fleet
based on-a total sanple size. (m of 300. CQuarterly
sanpl e sizes are the sumof fleet specific allocations
and those in the switcher stratumthat would |ikely be
associated with each fleet.

Fleet Allocated Sampling Effort (m)
Quarter Swordfish Tuna Mixed Total
1 20 34 41 95
2 20 23 42 85
3 12 14 25 51
4 8 32 29 69
Total 60 103 137 300
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Table 12. Quarterly sanple size (trips) allocations by fleet
based on a total sanple size ﬁn) of 400. Quarterly
sanple sizes are the sumof fleet specific allocations
and those in the switcher stratumthat would likely be
associated with each fleet.

Fleet Allocated Sampling Effort (m)
Quarter Swordfish Tuna Mixed Total
1 26 46 55 127
2 27 30 56 113
3 14 19 32 65
4 13 44 38 95
Total 80 139 181 400

Table 13. Quarterly sanple size (trips) allocations by fleet
based on a total sanple size (m of 500. arterly
sanpl e sizes are the sumof fleet specific allocations
and those in the switcher stratumthat would likely be
associated with each fleet.

Fleet Allocated Sampling Effort (m)
Quarter Swordfish Tuna Mixed Total
1 34 57 69 160
2 32 38 70 140
3 18 24 43 85
4 14 54 47 115
Total 98 173 229 500
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Table 14. Quarterly sanple allocation weighting factors by fl eet
Fleet
Quarter Swordfish Tuna Mixed Switchers
1 0.0261 0.0736 0.0572 0.1635
2 0.0271 0.0542 0.0588 0.1428
3 0.0194 0.0294 0.0284 0.0869
4 0.0181 0.0715 0.0378 0.1053
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Hawail Longline 1991-92
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Appendi x A

Location of fishing effort by set type (swordfish
tuna or mxed) in the Hawaii longline fishery, 1991
and 1992 conbi ned. The dashed contours delineate the
Excl usi ve Econom c Zones (EEZ% for the Hawaiian

I sl ands and Johnston Atoll. he dotted contours
delineate the 200 fathom isobath
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Hawaii Longline Fishery - January
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Hawaii Longline Fishery - February
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Hawaii Longline Fishery - March
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Hawali Longline Fishery - April
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Hawaii Longline Fishery - May
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Hawall Longline Fishery - June
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Hawaii Longline Fishery - July
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Hawail Longline Fishery - August
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Hawaii Longline Fishery - September
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Hawail Longline Fishery - October

45°N
AN A A
AAAAAN A A
A AAN A A
a A A ©
40°N o A0 A
A oA A
AN AL OO
AA I\
35°N - o o
’," -“-—\\ O
3oN4 S ao” oo
o SN AOOQBOO
JANN o Qg o¥e!
S AN .o oD
. e : e A L0
25°N T - ‘ Co ooog“\
. ‘ R ) (][] )] )l I
‘ e SRS /DN ) I Y I
' o DD”‘5%°D%%%@D
20°N A ) C T T ogIg OE A
o L . Qi OEd s A
A o OOEy
. OOy
15°N -
10°N
o /A Swordfish
5'N ]
[ Tuna
O  Mixed
0’ { ‘ !
180° 170°'W 160°W 150°W 140'W

Appendix Figure 10



Hawaii Longline Fishery - November
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Hawaii Longline Fishery - December
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